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Abstract 
It is possible to use compressed air to drive air turbine, thus make the turbine drive generators to power. This paper 
makes a research on the feasibility of the air turbine experimental equipment with a brief introduction to its 
composition. The design of the nozzle flow passage and flow passage, measurement of airflow and calculation of 
power generation efficiency are described emphatically. Based on the result of calculation and experiment, this paper 
shows that the air turbine experimental equipment can generate electricity safely and steadily. Besides, measuring the 
efficiency of the air turbine generator set helps to promote the understanding of the engineering application of 
theoretical formula.
© 2011 Published by Elsevier Ltd. Selection and/or peer-review under responsibility of [name organizer] 
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1.Introduction 
Measuring the efficiency of steam turbine is one of important experiments involved in the course 
‘principle of steam turbine’. When the experiment is carried out, sufficient steam supply for normal 
operation of steam turbine must be provided to ensure measurement; likewise, rated revolution speed of 
steam turbine generating unit (3000 rpm) must be maintained for measuring the efficiency of generator. 
These requirements make difficulties to choose the experimental equipment. First of all, facility that is 
used to produce steam with high temperature and high pressure is high in cost, tech and risk. Second, the 
air turbine rotating at a high speed is also costly and high-risk. Taking these factors into consideration, we 
put forward the air turbine experimental equipment, of which the main components are fan, single-stage air 
turbine and automatic alternator. While the experimental equipment is working, high-pressure air from the 
fan drives the air turbine generating unit consisting of air turbine and alternator to produce electricity. 
Governing device, emergency protection device and lubricating oil system are also adopted as the 
experimental equipment to guarantee its safety. 
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2.Overview of the Air Turbine Experimental Equipment 
As shown in Fig.1, main equipments and systems of the experimental equipment include: fan, air 
turbine, generator, oil supply system, lubricating oil system, governing system, monitoring system, piping 
system and control cabinet. 
Fig.1   schematic diagram of the air turbine experimental equipment 
1. Fan 2. Main valve 3.Governing valve 4. Air turbine 5. Shaft coupling 6.Generator 7. Main oil pump 8.Receptor 9. Bypass valve
After dust removing, outdoor air is drawn into the fan and compressed there, and then, goes through the 
main valve and governing valve; compressive air from the fan flows into the air turbine generating unit, to 
drive the rotor and produce electricity. Finally, the exhaust air discharges automatically into atmosphere 
through pipeline. A bypass system is designed in this generating unit to ensure start-up safety and to 
regulate intake flow rate of the air turbine into an auxiliary means. During unit’s set-up, the bypass valve is 
open. Meanwhile, the main valve and governing valve is closed. When the fan is operating steadily, open 
the main valve and the governing valve gradually and close bypass valve at the same time. 
The unit is also equipped with regulating-preserving system. Regulating and preserving function of the 
system is realized by its various components in such way. First, the radial pump connecting with front-end 
of the turbine provides a pulse signal of oil pressure. Then, the pulse signal be amplified in pressure 
converter and sliding valve is sent to servomotor in turn. Finally, servomotor regulates the open of 
governing to realize function of the system by connecting rods. If the generating unit is in emergency, main 
valve and governing valve could be closed by pressing the stop button of the emergency protection device 
to protect unit’s safety. Oil supply system is great importance for smooth running of generating unit. Oil in 
the tanker is sent to bearings, governing device and protection device of the generating unit by the main 
pump of oil supply system. The start-stop buttons of main oil pump, fan, digital revolution indicator and 
digital power indicator are placed in the control cabinet of the experimental equipment.  
The air turbine is a partial admission turbine with single pure pulse stage. The nozzle section, 
accounting for quadrant, consists of 11 small nozzles .The blade of air turbine is made of glass fiber 
reinforced plastic, which is cheap and easy to be processed. 
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Fig.2   Components of air turbine generating unit 
1. Generator  2. Aft bearing box  3.Air turbine 4. Emergency protection device  5. Fore bearing box  6.Radical oil pump   
7.Intake pipe   8. Stop button 9.Synchronizer  10. Starting valve 
Fig.3   Some components of air turbine generating unit 
1. Main shaft 2.wheel 3.blade 4. Aft bearing box 5.Shaft coupling 6. Generator 7.Adjustor valve 8.Hydraulic servomotor 9.Sliding
valve
Rotor of the turbine operates steadily in experiment, of which the highest rotor speed is up to 
2,000r/min. Fig.2 and Fig.3 present the components of air turbine generating unit. 
3.Design of Flow Passage 
Usually, steam is introduced to the steam turbine around the full arc. As blade height is the only 
structure parameter, when parameters such as average diameter, profile, pitch are chosen, determination of 
blade height is main work of the design of flow passage. Average blade diameter and blade height is 
respectively 0.36m and 30mm in the air turbine. Considering the lowest generating speed of automobile 
alternator is 1400rpm, chose1500rpm as rated rotation speed of the air turbine. So the remaining work is to 
determine the total width k of nozzles throat.  
Calculation steps are as follow 
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Where the adiabatic exponent of air k is 1.4 
Universal gas constant   is 8.314 /mR KJ Kmol kx
Air mass per kilo mole M is 28.964kg 
Air gas constant   
kkgJkkgkJ
M
R
R m x x  /287/287.0
Testing temperature is 20ćˈand the thermo dynamical temperature is 293K 
Discharge pressure of air turbine 
2   0.1 aP is Mp
Pressure pre-nozzle 
aMpP 107.0007.01.00   
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Flow passage of the nozzle can be designed after exterminating the total width k of nozzles throat. For 
air turbine in this paper, the partial admission nozzle section has 13 sets of nozzles in total. 
4.Flow Calculation 
To reduce the in-taking friction head loss of the air turbine, the flow measuring device with a large 
diameter throttle orifice is adopted in this experimental equipment, as shown in Fig 4.  
Fig.4   Schematic diagram of flow meter 
1. Flow duct˗2.  Throttle orifice˗3.conduit˗4. Pressure difference˗5. U-tube 
Equation for solving volume flow Q is > @4 ˖
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Where Q——volume flowˈ sm /3 ˗
H —— expansion coefficient˗
D ——flow coefficient˗
0A ——inner orifice area of the throttle orifice, 
2m ˗
U ——densityˈ kgm /3 ˗
P' ——pressure difference in front and back of the throttle orifice, PaǄ
As compressible fluid has different density in front and back of the throttle orifice, regard the fluid as 
incompressible and flow equation for incompressible fluid is used for the sake of convenience. U  is the 
fluid density before throttle; flow coefficient D  and discharge coefficient c  choose the value of 
compressible fluid. All influences of compressibility are reflected in expansion coefficientH . In this paper, 
the energy loss is not considered and sign 1 to discharge coefficient c. 
When water level difference of the U-tube is 10mmHg, the ratio of pressure in front and back of the 
throttle orifice is 0.99. Take 0.88 as the value of E  , the ratio of orifice diameter d to conduit inner 
diameter D (200mm˅, so 
4096.04  E  And expansion coefficient H  =1. 
Where flow coefficient D  is calculated with the following equation 
41 E
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In fact, two throttle orifices, with E =0.8, 0.7 respectively, are made to ensure measurement accuracy 
and reduce the throttle loss of working fluid.  
5.Calculation of Generating Efficiency 
Generating efficiency elr ,K  is the ratio of electric power generated by generating set to theoretical 
power tP   produced by air turbine that is to say 
t
el
elr P
P
 ,K
> @5   . 
For the air turbine with pure impulse stage, the power tP   discharged by air flowing through the 
nozzle is theoretical enthalpy drop of the turbine. 
When air is considered as ideal gas, theoretical power tP   can be expressed directly with gas 
constant.  
Energy equation for the nozzle is 
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Enthalpy drop of ideal gas in the process of isentropic expansion is  
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By using the corresponding parameters measured in the experiment, we can work out that the air 
volume flow is1168.2 hm /3 ˗
1  is 108 /tc m sˈand electric power elP  indicated by power meter is 
487w, therefore, generating efficiency can be solved as follow %7.25
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6.Conclusions 
Main work of this paper includes selection of experimental equipment, design of flow passage and 
calculation of air flow rate and thermal efficiency. On the basis of the work mentioned above, following 
conclusions can be reached: 
Adopting air as working fluid is feasible completely. After debugging the designed air turbine, 
experimental result indicates that air turbine running at a required rotation speed can produce 
electricity and light the bulb. 
Computing method in this paper is proved correct by the coincidence of flow passage area 
theoretically and experimentally.  
Two throttle orifices are selected in flow measurement, and each measurement result is consistent with 
the calculation result perfectly. 
Illuminant bulb and displayed power helps to calculate the generating efficiency of air turbine unit. 
For the low generating efficiency, air turbine is not unsuitable for power-generating equipment used in 
a large scale. 
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